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OBJECTIVES The purpose of this study was to evaluate changes in left ventricular (LV) filling, left atrial
(LA) volumes and function six months after nonsurgical septal reduction therapy (NSRT) for
hypertrophic obstructive cardiomyopathy (HOCM).
BACKGROUND Patients with HOCM frequently have enlarged left atria, which predisposes them to atrial
fibrillation. Nonsurgical septal reduction therapy results in significant reduction in left
ventricular outflow tract (LVOT) obstruction and symptomatic improvement. However, its
effect on LV passive filling volume, LA volumes and function is not yet known.
METHODS Thirty patients with HOCM underwent treadmill exercise testing as well as 2-dimensional
and Doppler echocardiography before and six months after NSRT. Data included clinical
status, exercise duration, LVOT gradient, mitral regurgitant (MR) volume, LV pre-A
pressure and LA volumes. Left atrial ejection force and kinetic energy (KE) were computed
noninvasively and were compared with 12 age-matched, normal subjects.
RESULTS New York Heart Association (NYHA) class was lower and exercise duration was longer (p ,
0.05) six months after NSRT. The LVOT gradient, MR volume and LV pre-A pressure were
all significantly reduced. HOCM patients had larger atria, which had a higher ejection force
and KE, compared with normal subjects (p , 0.01). After NSRT, LV passive filling volume
increased (p , 0.01), whereas LA volumes, ejection force and KE decreased (p , 0.01).
Reduction in LA maximal volume was positively related to changes in LV pre-A pressure (r 5
0.8, p , 0.05) and MR volume (0.4, p , 0.05). Changes in LA ejection force were positively
related to changes in LA pre-A volume (r 5 0.7, p , 0.01) and KE (r 5 0.81, p , 0.01).
The increase in exercise duration paralleled the increase in LV passive filling volume (r 5
0.85, p , 0.05).
CONCLUSIONS Nonsurgical septal reduction therapy results in an increase in LV passive filling volume and
a reduction in LA size, ejection force and KE. (J Am Coll Cardiol 1999;34:1123–8) © 1999
by the American College of Cardiology
Nonsurgical septal reduction therapy (NSRT) is a promis-
ing new treatment for hypertrophic obstructive cardiomy-
opathy (HOCM) that has been shown to improve both
symptoms and exercise tolerance in patients with left ven-
tricular outflow tract (LVOT) obstruction (1–4). We have
also recently observed an improvement in left ventricular
(LV) diastolic dysfunction (pre-A pressure, tau and LV
compliance) after NSRT, which accounted for some of the
improvement in symptoms and exercise tolerance, six
months after the procedure (5). However, it is currently
unknown what effects NSRT has on LV filling and left
atrial (LA) size and function. The purpose of this study was,
therefore, to evaluate these changes.
METHODS
The protocol was approved by the institutional review board
of Methodist Hospital and Baylor College of Medicine, and
all patients gave written informed consent before participa-
tion. The group comprised 30 HOCM patients enrolled for
ethanol septal reduction therapy (4). Patients had asymmet-
ric septal hypertrophy with septal thickness $1.5 cm, and
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septum/posterior wall thickness $1.3. All patients had a
dynamic LVOT gradient $40 mm Hg at rest or
$60 mm Hg during dobutamine (at baseline) (3 patients).
Patients underwent treadmill exercise testing (Bruce proto-
col) at baseline and six months.
A group of 12 normal age-matched adults (mean age:
53 6 16 years; 7 women) served as control subjects, for the
purpose of comparing LA volumes and function. None of
these individuals had evidence of cardiovascular disease by
clinical and echocardiographic assessment. In addition, they
were not receiving medications.
Echocardiographic studies. Patients were imaged with an
Acuson XP-128 or a Hewlett-Packard Sonos 2000 ultra-
sound system equipped with a multifrequency transducer
(2.5 and 3.5 MHz) and tissue Doppler (TD) program.
Parasternal and apical views (four- and two-chamber) were
acquired first. Depth and gain settings were optimized to
allow recording of LA volumes. Right ventricular outflow
tract (RVOT) diameter in systole was measured in the
parasternal short axis view at the base of the heart, with
subsequent acquisition of systolic flow through the RVOT
using pulse Doppler. From the four-chamber apical view,
the sample volume was placed at mitral valve annulus then
at tips, and 5 to 10 cardiac cycles were recorded with pulse
Doppler at each site during normal respiration. With color
Doppler guidance, the LVOT gradient was recorded with
continuous-wave Doppler (6). Tissue Doppler program was
applied in pulse-wave mode (230 to 30 cm/s) with gains
adjusted to minimize background noise. From the four-
chamber view, a 5-mm sample volume was placed at the
lateral border of the mitral annulus (7) for recording 5 to 10
cycles. Studies were stored on 1⁄2-inch VHS videotape for
later playback and analysis.
Echocardiographic analysis. All measurements were per-
formed by an observer blinded to clinical data on an off line
station equipped with 2-dimensional (2-D) and Doppler
analysis software (Digisonics 500). Using frame-by-frame
analysis, LA volumes were calculated at several points
during the cardiac cycle, with the method of multiple discs
(8). The following volumes were measured: maximal LA
volume (LA max., taken before mitral valve opening), atrial
volume just before atrial contraction (LA pre-A) and
minimal left atrial volume (LA min., measured after atrial
contraction). Left atrial stroke volume was calculated as the
difference between LA pre-A and LA min. volumes. The
LV passive filling volume (rapid and mid-diastolic LV
filling) was computed as the difference between LA max.
volume and LA pre-A volume.
The mitral annulus diastolic diameter was measured in
the apical views, and mitral annulus area was then derived
(9). Subsequently, LA ejection force was calculated using
the equation: 0.5 3 1.06 3 mitral annulus area 3 (peak A
velocity2) in kdyne (10). Left atrial kinetic energy was
calculated using the equation: 0.5 3 1.06 3 LA stroke
volume 3 (A velocity2) in kerg (11). In the calculation of
LA kinetic energy, the absolute A velocity (peak A 2
velocity at onset of A) was used when this velocity did not
start from baseline (11). Mitral regurgitant (MR) volume
was derived as the difference between diastolic mitral inflow
(area of mitral annulus 3 velocity time integral of mitral
annular flow) and pulmonic outflow (RVOT area 3 velocity
time integral of RVOT systolic flow) (9). Peak LVOT
gradient was derived with the modified Bernoulli equation
as: LVOT gradient 5 4v2, where v 5 peak velocity in
LVOT by continuous-wave Doppler (6). Left ventricular
pre-A pressure, which relates well to and has the same
Doppler correlates as the pulmonary capillary wedge pres-
sure (12), was estimated using the equation LV pre-A
pressure 5 3.2 1 [1.1(E/Ea)], where Ea is the annular early
diastolic velocity at the mitral annulus lateral corner (13).
All echocardiographic measurements were ascertained at
baseline and six months.
Statistics. Data are presented as mean 6 SD. Unpaired t
testing was used to compare LA size and function between
the normal group and HOCM patients. Paired t testing was
applied in the evaluation of LA changes in size and function
six months after NSRT. Regression (linear or nonlinear)
analysis was used to relate changes in LA volumes, ejection
force, kinetic energy (KE), exercise duration, LVOT gradi-
ent, MR volume and LV pre-A pressure to one another.
Significance was set at a p value # 0.05.
RESULTS
Mean age was 53 6 15 (range 29 to 83) years (14 women).
At baseline before NSRT, 5 patients were in New York
Heart Association (NYHA) class IV with 21 patients in
class III, and 4 patients in class II (patients in class II could
not tolerate maximum medications) despite maximal med-
ical therapy. All but three patients had a resting LVOT
gradient (52 6 33 [20 to 120] mm Hg, three had
dobutamine-provocable gradients). Patients had hyperdy-
namic ventricles, with 23 patients having mild, and 7
patients having moderate, mitral regurgitation (as assessed
by pulse Doppler of mitral inflow and RVOT outflow).
Satisfactory 2-D apical views, pulse Doppler of mitral
Abbreviations and Acronyms
HCM 5 hypertrophic cardiomyopathy
HOCM 5 hypertrophic obstructive cardiomyopathy
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inflow and RVOT as well as TD of mitral annulus were
obtained in all patients.
Changes in functional status, MR volume and pre-A
pressure six months after NSRT. After NSRT, patients
experienced a significant improvement in symptoms. Five
patients were in NYHA class II, 24 in class I and 1 in class
III (p , 0.01). Exercise tolerance was improved, with
exercise duration increasing from 270 6 147 to 412 6 177 s
(p , 0.05). The LVOT gradient was significantly lower at
six months (52 6 33 to 9 6 19 mm Hg, p , 0.01). The MR
severity was likewise reduced after the procedure, with 20
patients having none or trivial MR and 10 patients having
mild MR (23 patients had mild MR, and 7 patients had
moderate MR before NSRT). The MR volume decreased
from 16 6 12 ml before to 8 6 8 ml after NSRT (p , 0.05).
Also, the LV filling pressures were significantly lower (19 6
6 to 14 6 5 mm Hg, p , 0.05).
Changes in LV passive filling volume and LA size six
months after NSRT. The volumes in HOCM patients
were significantly larger than age-matched controls. Six
months after NSRT, LA volumes (max., min., pre-A and
stroke volume) were significantly reduced in comparison
with baseline values, although still larger than LA volumes
of the control group (Fig. 1). However, LV passive filling
volume increased after NSRT (Table 1; p , 0.05).
Changes in LA function six months after NSRT. Mean
LA ejection force in the control group was 8.4 6 3.4 kdyne.
Mean LA ejection force in HCM patients was significantly
larger. Six months after NSRT, mean LA ejection force was
lower although still more than that of the control group
(Fig. 2). Mean LA KE of the control group was 13.6 6 4
kerg. Mean LA KE in HOCM patients before NSRT was
significantly larger and decreased six months after NSRT
although it was still more than that of the control group
(Fig. 3).
Relation of changes in LA size and function to LV
hemodynamics and clinical status. There were significant
relations between changes in LA volumes and LA function.
As LA volume before its contraction (LA pre-A volume)
decreased, LA ejection force decreased (r 5 0.72, p ,
0.001, Fig. 4). Changes in LA ejection force were positively
related to the reduction in LA stroke volume (r 5 0.66, p ,
0.01). Likewise, changes in LA KE were positively related
to changes in LA stroke volume (r 5 0.77, p , 0.001, Fig.
5) and LA ejection force (r 5 0.81, p , 0.001, Fig. 6).
There was a weak, albeit significant, relation between LA
maximal volume reduction and MR volume reduction (r 5
0.4, p , 0.05). A stronger relation was present, however,
with changes in LV pre-A pressure (r 5 0.8, p , 0.01, Fig.
7). Regarding changes in LV passive filling volume, these
Figure 1. Left atrial (LA) stroke volume (SV) in the control group,
and in the HOCM group pre- and post-NSRT (comparing
controls with HOCM patients pre-NSRT: p , 0.001, 95%
confidence intervals for difference of means: 10–22; comparing
controls with HOCM patients post-NSRT: p , 0.001, 95%
confidence intervals: 4.1–14.4).
Table 1. Left Atrial Volumes, Ejection Force and Kinetic






LA max. volume (ml) 89 6 36 66 6 21† (16–37.5)
LA min. volume (ml) 34 6 22 14 6 15† (2.8–26.2)
LA pre-A volume (ml) 60 6 17 28 6 18† (4.7–37.5)
LV passive filling
volume (ml)
29 6 12 38 6 14† (3–19.4)
LA stroke volume (ml) 26 6 10 14 6 9† (3.4–20)
LA ejection force
(kdyne)
23 6 14 15.8 6 10.25* (5.1–10)
LA kinetic energy
(kerg)
58.4 6 25 36.1 6 22.6* (15–29.4)
*p , 0.01 versus baseline; numbers between parentheses refer to the 95% confidence
intervals for difference of means.
Figure 2. Left atrial (LA) ejection force in the control group, and
in the HOCM group pre- and post-NSRT (comparing controls
with HOCM patients pre-NSRT: p , 0.001, 95% confidence
intervals: 6.46–23.5; comparing controls with HOCM patients
post-NSRT: p 5 0.019, 95% confidence intervals: 1.3–13.6).
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were positively related to reduction in LVOT gradient (r 5
0.5, p 5 0.05), and to prolongation of exercise duration at
six months (r 5 0.85, p , 0.01, Fig. 8).
DISCUSSION
In comparison with age-matched controls, HOCM patients
as shown in this study have increased LA volumes as well as
increased LA ejection force and kinetic energy. After
NSRT, LA volumes, ejection force and KE are reduced
concomitant with an increase in LV filling during early
diastole, and a statistically significant prolongation in exer-
cise duration.
Changes in LV passive filling volume six months after
NSRT. HOCM patients have enlarged LA due to im-
paired LV relaxation, and mitral regurgitation (14). Im-
paired LV relaxation leads to higher early diastolic LV
pressures, and thus lower transmitral pressure gradients.
Accordingly, HOCM patients usually have reduced LV
passive filling volume as demonstrated by radionuclide and
Doppler echocardiographic techniques (15–17). Nonsurgi-
cal septal reduction therapy improves LV relaxation (5), at
least in part through relief of LVOT obstruction and
increase in loads that aid relaxation and filling. It also
appears to improve LV compliance (5) through a reduction
in mass/volume ratio (4) as well as improvement in LV
relaxation. Accordingly, LV diastolic pressures are lower,
leading to an increase in LV passive filling volume.
Although reducing MR volume would be expected to
lower early diastolic LV filling through a reduction in LA ‘v’
wave pressure, this was not observed in our patient popu-
Figure 3. Left atrial (LA) kinetic energy (KE) in the control
group, and in the HOCM group pre- and post-NSRT (comparing
controls with HOCM patients pre-NSRT: p , 0.001, 95%
confidence intervals: 30–59.6; comparing controls with HOCM
patients post-NSRT: p 5 0.001, 95% confidence intervals: 9.3–
36).
Figure 4. Regression plot of D LA pre-A volume versus D LA
ejection force (pre- and post-NSRT).
Figure 5. Regression plot of D LA KE versus D LA SV (pre- and
post-NSRT).
Figure 6. Regression plot of D LA KE versus D LA ejection force
(pre- and post-NSRT).
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lation. Most of this HOCM cohort had only mild MR,
which minimized the influence of this lesion on LV filling.
These changes in LV filling are particularly important
because HOCM patients usually have reduced LV filling
with exercise that results in a lower end-diastolic volume,
stroke volume (18), and, accordingly, reduced exercise
tolerance. Similar to observations with verapamil (16), we
observed an improvement in exercise duration that was
closely associated with the increase in LV passive filling
(Fig. 8).
LA size and function in HOCM patients and the effects
of NSRT. Left atrial contribution to LV filling is increased
in HOCM patients secondary to impaired LV relaxation.
As shown in the present study, LA volumes are much larger
in HOCM patients compared with control subjects. After
NSRT, LV diastolic pressures and MR volume are lower,
leading to significantly reduced LA volumes.
Likewise, LA ejection force in HOCM patients is much
larger than in normal subjects secondary to increased pre-A
volume. The atria follow the Frank-Starling mechanism
(19–21), leading to augmented contractility with increases
in LA preload. As noted previously, after NSRT the LV
passive filling volume increases and LA pre-A volume
decreases. Therefore, LA preload is reduced and accordingly
ejection force and stroke volume. Likewise, LA KE is
higher in HOCM patients because ejection force and stroke
volume are increased in comparison with normal individu-
als. After NSRT, LA ejection force and stroke volume are
reduced and therefore LA work.
It is interesting to note that this cohort of 30 HOCM
patients included a 32-year-old woman with frequent epi-
sodes of severely symptomatic atrial fibrillation. After
NSRT, her LA maximal volume was down from 132 ml to
45 ml, with no further episodes of atrial fibrillation as
assessed by history and Holter monitoring. Further obser-
vations will be needed to determine whether these changes
will affect the incidence of atrial fibrillation.
Study limitations. It would have been ideal had LA
pressure and stroke work been assessed invasively (11,22).
This would have necessitated transeptal LA catheterization,
with its possible risks in these very sick patients. Further-
more, the noninvasive assessment of LA kinetic energy has
been well validated against invasive standards with an
excellent correlation (r 5 0.95) (11). Although the nonin-
vasive methods used to derive LV filling pressures and
parameters of LA function may each have imperfections and
sources of error, the changes observed after NSRT (with
patients as their own control) were all in the same direction.
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